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CONTROLLED RELEASE PHARMACEUTICAL DELIVERY DEVICE AND 
PROCESS FOR PREPARATION THEREOF 

Field of the Invention 

The present invention relates to a controlled release device which provides 
sustained or pulsatile delivery of pharmaceutical^ active substances'for a predetermined 
period of time. This invention further relates to a process for the manufacture of such a 
device and pharmaceutical compositions including the same. 

Description of the Background 

Different systems have been developed for the delivery of pharmaceutical 
agents. One such system operates by means of a complicated osmotic pumping 
mechanism which is expensive and often difficult to prepare. Also known are delivery 
devices made of matrices using hydrogels. These devices use one or more hydrogels 
either selected from uncrosslinked linear polymers or from crosslinks polymers. None 
use both types of polymers in a single device. 

While these systems do act to deliver selected pharmaceuticals, they do not 
provide for controlled release of the pharmaceutical in a sustained or pulsatile manner 
for a predetermined period of time. In devices using uncrosslinked polymers, viscosity is 
the rate controlling factor for drug release kinetics. In these systems a gelatinous layer is 
formed on the surface upon hydration. The thickness and durability of this gelatinous 
layer depends upon the concentration, as well as the molecular weight and viscosity of 
the polymer in the device. At higher concentrations the linear polymer chains entangle 
to a greater degree leading to virtual crosslinking and a stronger gel layer. Drug release 
is effected by the dissolution of the polymer and erosion of the gel layer. Hence the rate 
of erosion controls the release rate. 

m the case of devices using covalently crosslinked polymers, the drug is trapped 
in a glassy core in the dry state. On contact with an aqueous medium the surface of the 
device is hydrated to form a gelatinous layer which is different from the gel layer seen 
uncrosslinked linear polymers. The hydrogel formed by crosslinked polymers does 
consist of entangled chains but discrete mic^els made up of many polymer particles 
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called a crosslinked network, in which the drug is dispersed. Therefore drug is trapped 
in the hydrogel domains. These hydrogels are not water soluble and do not dissolve, 
thus erosion as seen in uncrosslinked linear polymers does not occur. Drug release is by 
the osmotic pressure generated within the fully hydrated hydrogel which works to break 
up the structure by sloughing off discrete pieces of the hydrogel. The hydrogels remain 
intact while drug continues to diffuse through the gel layer at uniform rate. 

U.S. Patent Nos. 3,845.770, 3,916,899, 4,016,880, 4.160,452 and 4.200,098 
disclose such delivery systems as described above. However, none of these patents 
teach the use of both covalently. crosslinked and uncrosslinked linear polymers in 
combination in a single delivery device for the controlled or pulsatile delivery of 
pharmaceutical^ active agents thereby taking advantage of their unique but different 
properties and mechanism of drug release. 

SUMMARY OF THE INVENTION 

The present invention provides a unique and novel synergistic approach to the 
use of multiple and differing polymers for modulating drug delivery. 

It is an objec t of the present invention to provide a controlled release device 
which delivers therapeutically effective amounts of pharmaceutical^ active agents for a 
predetermined period of time in a controlled, continuous or pulsatile manner in 
mammals, especially human beings. 

In accordance with anaspe ot of the invention is a controlled release 
pharmaceutical delivery device which provides sustained or p ulsatile delivery C f a 
selected pharmaceutical^ active substance for apredetermined period of time, the 
device comprises; 

-aboumo^^weightw^^ 
swella ble polymersTand s ■ 

- about 1 to 75% by weight uncrossl inked, linear water soluble^olymers. 

In accordance with another aspectofthe preser^eMo^TaTontroUed release 
pharmaceutical delivery device which provides sustained or pulsatile delivery of a 
selected pharmaceutical^ active substance for a predetermined period of time, the 
device comprises; 

- about 1 to 60% by weight of hydroxyethylceUulose; . 



- about 1 to 75% by weight of hydroxypropylmethyl cellulose; 

- about 1 to 60% by weight of ethylcellulose; 

- about 1 to 80% by weight of at least one Catbopol® resin; 

- about less than 10% by weight of talcf 

5 - about less than 10% by weight of magnesium steaiate; and 

- about less than 95% by weight granulating and tableting aids. 

In accordance with yetano^eraspectof the present invention is a method for 
making an extended release formulation of pharmaceutically active agents'Tie^emod 
comprises; 

10 -^lendingabout 1 to 80% pharmaceutically active agent with about 1 to 80% by 

weight covalently crosslinked water insoluble, water swellable polymers, and about 1 to 
75% by weight uncrosslinked, linear water soluble polymers. 

In accordance with . another agpectof the present invention is a method for 
making an extended release formulation of pharmaceutically active agents, the method 

15 comprises; 

- blending about 1 to 80% pharmaceutically active agent with about 1 to 70% 
by weight uncrosslinked, water solub bpolymers to form a homogeneous blend; 

- granulating said homogen^ulbiend with a granulating solution to form a wet 
mass of granules and kneading said wet mass; 

20 - drying said wet granules to a loss on drying of about less than 5%; 

- reducing said dried granules such that granule size is less than about 1400 

microns; 

- Mending said milled granules with about 1 to 80% of a crosslinked polymer 
about less than 5% of a glidant, and about less than 5% of a lubricant; and 

25 -compressing the lubricated granules into tablets. 

In accordance withye t another aspe ct of the present invention is a 
pharmaceutical composition which comprises; 

- about 1 to 80% by weight pharmaceutically active agent; 

- about 1 to 80% by weight covalently crosslinked water insoluble water 
30 swellable polymers; and 

- about 1 to 75% by weight uncrosslinked, linear water soluble polymers. 
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In accordance wifcy^anothera^ect of the present invention is a 
phannaceutical composition which compnses : 

- about 1 to 80% pharmaceutical^ active agent; 

- about 1 to 60% by weight of hydraxyethylcellulose; 

- about 1 to 75% by weight of hydroxypropylmethyl cellulose; 

- about 1 to 60% by weight of ethylcellulose; 

- about 1 to 80% by weight of at least one Carbopol® resin; 

- about less than 10% by weight of talc; 

- about less than 10% by weight of magnesium stearate; and 

- about less man 95% by weight granulating and tableting aids. 

In a fiirther aspect of thi S invention there is provided a method for delivering " 

SOlUWe ° r P°^luHe^aceuticall y active agents by deliberate manipulation of 
mecompositio^u^^ 

device. 
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In yet another aspect of this invention ^ ^ 
a>so ha, use in other applet In which the release of . substance is desired too an 
envronment which eventually comes into contact with fluids. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The novel controlled delivery device of the present Mention provide, a 
comp^tion and a process for th. fonnulanon of pharmaceutic^ active agents too 
-tan^releasen^tablets. T*.^*^,.^,. ^ 
efficent and reproducible mass producfion of the dovice using conventional 
pharmaceutical and biochemistry techniques. 

^^"nearpoiymerssutehtoforusem^^^^ 
—cspreferablyl^^ 

pr«en ™ arepo.ymersof ac^lic acideroash^wimpo.vafceny. alcoho^ 
— ed homopolymers and copolymer of ac^ic acid. most p^ Car £o, 
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In the preferred form the sustained release device of a,, pre3en , fc,^ fa 
presented as a matrix tablet suitable for oral administration which is prepared by 
mtunately blending about 1 to 80% of. selected ph^m^eally active ^s)^ 
about 1 to 60% of an uncrosslinked linear polymer such «a hydroxyethylcellulose 
5 (preferably Natroaol® 2SOHHX PHARM) and about 1 to 75% of mothe, uncrosslinked 
polymer such as hydroxypropyhuemyl cellulose (prefer** Methocel® premium grade 
^KIOOMCRjmapUn^o,^^^^^^^^^ 

formed, lie homogeneous mixture is men granulated with a granulating solution 
(preferably isopropyl alcohol) ma planetary or high she* mixer. It is preferable to 

then dried m a fluid bed dryer or tray dryer to a loss on drying (LOD) of about <S% 
Preferably, the granules are dried in a tray dryer at XO'C to an LOD of about <>% ' 

^^^^amstoreduc^fa.nnlLprefe^ 
fce resultant granule size is about <-000 microns. The milled granules are intimately 
blended with about . ,0 80% by weight of a crosslink polymer such as Carbopol® 
ream, preferably Carbopol® 934PNFor971 PNFirta V-blender. The Carbopo,® 
tr-tod granules are men tatimately blended with a glidan, such as Ulc (about <3% by 
w«gnt,mav-b,ender. The WctreaWgrauu.es are then inumaely blended with a 

'^^"magnesiumstea^fabout^byweigbtjmav^leuder. Finally 
compressmn of me lubricate granules is done using . ro^ ^ ^J^, 

stable tbroral administranon. The resultant tablets have « hardness „f 
Strong Cobb units and a friability of about <1%. 

^^"^e-^uptos^byweigmomer^ati^orrablem^^ 

- :i:;^^^^~----Cbospha^" ds 

The cordons under which the materials are processed and the relative 

zi: r iMsecharaoteris,ics - ™— i-.il 

-^-^beprede^edandvanedbyadjustingaem^pofme 
-mpos.tionwimintireaforesaidhmi^. Tne duration, uniformity and continuity of 

refchve ^0^^^^^ J^<^ 
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Tbo finished tablet may be film coated with about 0.5 to 50% by weigh, of . 
Stable film coating comprising anionic polymer, based on metnacrylie acid and 
metnacrylie acid eaten, or nentral metnacrylie acid eaten, with a amall proportion of 
ttimethylammonioethyl methacrylate chloride or cellulose esters. 
* TlMphaHnaceutiadly active agents tha, may be used with the device and intho 

compositions of the present invention may include bu, are not limited to diWazem 
buspnone, tramadol, gabapenfin, verapamil, etodotac. naproxen, diclofenac, COX2 
■nhrbubrs, budesouide, venlafaxtae, mcteprolol, oartidopa, levodopa, carbamazepiue 
tbuprofen, morphine, pseudoephedrine, paracetamol, cisapride, pUocarpine. 

peute^Ume, ftnonbmtc, flipiride, aciclovir. zidovudine, moclobemide, potassium 
chlond* lamoWgincciudopram, oladribme, loratadine. pancreupase, Umium carbonate, 
onAeoadrme.lcetopro^pn.cau^de.^ 

undone lovastam, simvaaa(iB> ^ ^ 

sehgmne, alprazolam, divalproex or phenytoin. 

When the delivery device of this invention is made as a composition 
confining a pharmacuuea. .gen, and is administered to the gastrointestinal tract by 
tte oral route, it comes into contact with an aoueous environment m d hydrates 
formmg a : gelaunous layer. !f the drug is poorly soluble it wUl partition into the 
hydrophobe domains of the device provided by th. Crosslin^ polymer while some 

1,™ ^ ^"^^^^^^^^^^uuerosshnKed 
polymer, ft, results in dependency VSJicMan) and zero order (case II) oW 

due te fast d-ssotaon of the mug through me water fiUed interstitial spaces between 

pclymer. The presence of th. crosslink polymer, which doe. no, dissolve helpsto 

mechamsm. ma. dominate will depend upon merano of crosslink and 
unorosslmted pdymers present In th. device which in turn impact, on th. ™ 
^viscosities of the ge, ,ayer. ^ manip.Uanon of JZTj, J^ZT 

release of the pharmaceutical contained therein. 



6 



10 



Examples 

• , ,J he ,. e,ramplea " *"*«' *• »1— of iUus^Son and are no. 
intended to limit the scope of the invention. 

Mefccds of d-d** biochetnistry rad pharmacology ^ M 

uterine and arc well taown to ta. ^ m ^ MaWx ^ ^ 
«o 4. process previously „ uatae<i h fc ^ 

preferred embodiments; 

Example l - njirt,*^ ^ir ociiinH^ t?p Wfffr 

rvnj ■ ^ composition 

Dilhazem hydrochloride 

30 

Natrosol 250 HHX 



15 Carbopol 934P 

Hydroxypropylmethyl cellulose Kl 00M CR 



Talc 

Magnesium stearate 



25 
10 
33 
1 
1 
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Mtaem hydrochloride was blended with N^, :al d hydratyproI)ylmttllyl 
^^^^^^^^JZL ^Zre 
^^^cswere.tap^^.^,^^ ^ 

Finally, the treated granules were pressed into tablets using at rotary tablet press " 



Tramadol 
30 Natrosol 250 HHX 
Carbopol 934P 

Hydroxypropylmethyl cellulose K100M CR 



% composition 
40 
15 
8 

35 
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Talc 

Magnesium stearate 

1 



Tramadol was blended with NatrosnT a 
- '« . . , . wwnxNatrosol and hydroxvpropylmethyl cellulose in a 

we,. Mended ^ Mo md mag Jl - JlTTJ^T Tf 

w ^-^- repr e M ed^«a h ,e tt ^ aro ^j; p ^ F ^«' e 

Examplf a - quspirnn^ i ?r tq hl^ 

Buspirone hydrochloride * COm P° sltion 
Natrosol 250 HHX 2,5 
I* Lactose 20 

Silicone dioxide 17,5 
Carbopol 934P 1 

Hydroxypropylraethyl cellulose K 1 00M CR 1 ° 

Ethylcellulose 35 

20 Microcrystalline cellulose 5 
Talc 7 

1 

The Buspirone was dissolved in isoproovl alcohol r * 
~~lose,m~^ 

obtained. This mixture was granulated with * • until a homogeneous mixture was 
hvd™™ v, , . ^^ated with the isopropyl alcohol Buspirone 

hydrochlonde solution and dried in fluid twjw P 

. _ , auid bcd to a loss on d™™ of 1 5 % 

dned granules were passed through a sieve #14 mesh The^IT 
blended ^ Carbopo, talc and 

3 — ^i*^^.-^^^^^^ 
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Although preferred embodiments of the invention have been described herein 
m detaU - il 18 Underat ° od * *°» skiUed in the art that variations may be made 
thereto without departing from the spirit of the i 
claims. 



' invention of the scope of the appended 



